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Calculating the Probability of Constitutional Isomers of Pentane
Abstract
Depending on the reagent, and orientation of collisions within a chemical reaction, organic molecules can
be present as different constitutional isomers of the same molecule. We can analyze the likelihood of
getting a mixture of pentane with certain conformers. Based on this, we find that there are 16 potential
conformers, but 13 are identical structures, meaning only three are distinct from each other. Using the
product rule, we then demonstrate how to go about calculating the probability of specific conformers,
including specific identical structures, being present in a mixture, and then we demonstrate that process
is strictly within the three different conformers.
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PROBLEM STATEMENT
Determine the amount of constitutional isomers of pentane, and the likelihood of different
conformers being present in a given solution.

MOTIVATION
For organic molecules as a whole, most of them can rearrange into multiple conformers
depending on the orientation of collisions within a chemical reaction. Some structures are more
stable than the others and thus each conformer has different chemical properties. Between being
used in synthesizing adhesives, as fuel sources, and cleaning agents, pentane has a wide variety
of uses and thus it is present in many everyday items or chemicals. However, due to the different
structures of pentane, certain structures are more stable than others and thus certain constitutional
isomers are needed for certain uses as opposed to the other conformers. Because of this, it is
imperative to know how many of them can be made and the probability of each respective
conformer of the molecule.

MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
Pentane is composed of 5 different carbons and 12 different hydrogens. The carbons can
randomly assemble by bonding together to form the molecule, which dictates the actual structure
of pentane, with the hydrogens being present to give each carbon a full octet of valence
electrons. This means that only the carbons are relevant in determining the overall molecular
structure. The basic structure of pentane with the carbons labeled is as follows:
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Figure 1: Basic Structure of Pentane
If the numbering of the carbons remains the same regardless of the placement of any
substituents, the resulting conformers can be drawn as follows by placing C1 onto the other
carbons, where the overall likelihood of C1 being the substituent is ⅕ :

Figure 2: C1 Conformers
The resulting conformers can be drawn as follows by placing C2 onto the other carbons,
where the overall likelihood of C2 being a substituent is ⅕:

Figure 3: C2 Conformers
The resulting conformers can be drawn as follows by placing C3 onto the other carbons
where the overall likelihood of C3 being a substituent is ⅕:
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Figure 4: C3 Conformers
The resulting conformers can be drawn as follows by placing C4 onto the other carbons
where the overall likelihood of C4 being a substituent is ⅕:

Figure 5: C4 Conformers
The resulting conformers can be drawn as follows by placing C5 onto the other carbons
where the overall likelihood of C5 being a substituent is ⅕:

Figure 6: C5 Conformers
One other type of conformer can be made, by creating a carbon with the other 4 carbons
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bonded to a central carbon (C1, C2, C3, C4, or C5) as shown:

Figure 7: Tetrahedral Conformer (C1)
However, the conformers that are neither a five carbon chain nor a tetrahedral structure
are all considered to be identical. All of the conformers with one substituent contain a carbon as
their one substituent, meaning that the rotating of the structure in some way results in an
identical structure. Similarly, the tetrahedral structures are all identical structures, with all of
them having a central carbon bonded to 4 other carbons. Because of this, there are actually only
3 different conformers as shown below, with the corresponding probability found by combining
the probabilities of each individual identical structure:

Figure 8: Pentane Conformers
n-pentane = 1/16, iso-pentane = 10/16, neopentane = 5/16
Now knowing all of the possible conformers that deviate from the original structure of
pentane, the product rule can be applied in order to determine the likelihood of a substituent
being placed on a given carbon. The product rule is as follows, where Pp is the total fractional
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percentage of a given scenario, Pn is the fractional percentage of one aspect of the overall
scenario:
Pp = P1 * P2 * P3 * … *Pn

DISCUSSION
Taking the established fractional percentages from Table 1 and applying the product rule
of probability, it becomes simple to calculate the probability of specific constitutional isomers
being present in a solution of pentane.
C2 on C3, C4 on C2, and C3 tetrahedral constitutional isomer pentane mixture probability:
[(½) * (⅕)] * [(½) * (⅕)] * (1/15) = (1/10) * (1/10) * (1/15) = 1/1500 = .00067 * 100 % = .067%
C3 on C2, C5 on C2, and C3 on C2 isomer pentane mixture probability:
[(½) * (⅕)] * [(½) * (⅕)] * [(½) * (⅕)] = (1/10) * (1/10) * (1/10) = 1/1000 = .001 * 100 %
= .1%
Any tetrahedral structure, and any substituent on C3 isomer pentane mixture probability:
(5/15) * (4/10) = 20/150 = .133 * 100 %= 13.3%
There can be any combination of constitutional isomer mixtures, and the probability of
producing a specific mixture can be calculated by multiplying all of the probabilities of the
desired conformers, as stated by the product rule.
As stated, however, constitutional isomers are defined as different structures made of the
same amount of carbons. Based on this, the fractional percentages change, but the overall
application of the product rule remains the same.
Neopentane and n-pentane mixture probability:
(5/16) * (1/16) = 5/256 = .0195 * 100% =1.95%
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Neopentane and iso-pentane mixture probability:
(5/16) * (10/16) = 50/256 = 0.195 * 100% = 19.5%

CONCLUSION
Knowing the potential constitutional isomers present within an organic solution is
extremely important, seeing as different conformers have different properties. Some properties
are more or less stable than the others, meaning that different conformers are better for different
uses than the other conformers. The same approach can be applied to more complex nonpolar
organic molecules as well.
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Appendix: Table 1
Constitutional Isomer

Probability

C1 on C3 Conformer

1/10, 1/16

C1 on C4 Conformer

1/10, 1/16

C2 on C3 Conformer

1/10, 1/16

C2 on C4 Conformer

1/10, 1/16

C3 on C2 Conformer

1/10, 1/16

C3 on C5 Conformer

1/10, 1/16

C4 on C2 Conformer

1/10, 1/16

C4 on C3 Conformer

1/10, 1/16

C5 on C2 Conformer

1/10, 1/16

C5 on C3 Conformer

1/10, 1/16

C1 Tetrahedral Conformer

⅕, 1/16

C2 Tetrahedral Conformer

⅕, 1/16

C3 Tetrahedral Conformer

⅕, 1/16

C4 Tetrahedral Conformer

⅕, 1/16

C5 Tetrahedral Conformer

⅕, 1/16
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